12, 1 and serovars 1, 2, and 8. 15 In general, and compared with end-point PCR, real-time, or quantitative, PCR (qPCR) tests are usually more sensitive, allowing the detection of as few as 5 copies of a target sequence. 8 Moreover, qPCR does not require postamplification manipulations and is extremely fast. Despite these advantages, no real-time serovar-specific PCR test has been developed to date to detect A. pleuropneumoniae. In the present study, the development of 2 qPCR assays for detection of A. pleuropneumoniae serovars 1-9-11 and serovar 2 are described.
The 2 qPCR tests targeted the gene encoding a potential rhamnosyltransferase (ORF17) involved in O-antigen biosynthesis in A. pleuropneumoniae serovars 1-9-11 or the genes cps2AB, involved in the biosynthesis of the capsular polysaccharides in A. pleuropneumoniae serovar 2. 6, 9 For the identification of A. pleuropneumoniae serovars 1-9-11, a commercial qPCR supermix (reaction buffer, 3 mM MgCl (Table 1) , and 5 µl of the DNA template (volume of the PCR reaction: 25 µl) were used. The reaction conditions were as follows: initial denaturation at 95°C for 3 min followed by 35 cycles of denaturation at 95°C for 30 sec, annealing at 54°C for 1 min, and extension at 72°C for 30 sec. For the identification of A. pleuropneumoniae serovar 2, the qPCR mixture contained a commercial supermix (as above), a 100 nM of each Ap2 primer (Table 1) , and 5 µl of the DNA template (volume: 25 µl). Amplification conditions were: initial denaturation at 95°C for 3 min followed by 35 cycles of denaturation at 95°C for 1 min, annealing at 63°C for 1 min, and extension at 72°C for 20 sec. Amplifications were performed with a commercial real-time PCR system. a
The specificity of both qPCR assays was tested on a collection of 294 strains, which included 16 reference A. pleuropneumoniae strains (serovars 1-4, 5a, 5b, 6-15), 263 A. pleuropneumoniae field strains isolated between 1992 and 2009 in France, Spain, Mexico, Argentina, or Canada (species confirmed by nested PCR 14 ) and comprising serovars 1-15 as determined by serological tests, 11 and 15 bacterial strains other than A. pleuropneumoniae ( Table 2 ). Strains of A. pleuropneumoniae, Actinobacillus indolicus, and Haemophilus parasuis were cultivated on pleuropneumonia-like organisms (PPLO) agar b supplemented with 10 µg/ml of β-nicotinamide adenine dinucleotide, 1 mg/ml of glucose, and 5% heat-inactivated horse serum. Mycoplasma hyopneumoniae was cultivated as previously described. 4 Actinobacillus rossii, Actinobacillus lignieresii, and Pasteurella multocida were cultivated on Columbia agar base supplemented with 5% sheep blood c . All strains were incubated at 37°C in 5% CO 2 . Samples were prepared for PCR assays as previously described. 7 Briefly, 10 colonies of each bacterial species were placed in 800 µl of lysis solution (10 mM Tris-HCl e [pH 8.3], 100 mM KCl, e 2.5 mM MgCl 2 , e 1% [v/v] Tween 20, e 1% [v/v] Triton X-100, e 0.01% [v/v] Nonidet P-40, e and 120 µg/ml of proteinase K e ). The M. hyopneumoniae culture was centrifuged (12,000 × g, 4°C, 20 min), and the pellets were resuspended in 800 µl of lysis solution. Lysates were incubated for 1 hr at 60°C, 10 min at 95°C, and kept at −20°C. DNA was extracted, and the concentration was determined with a spectrophotometer as previously described. 10 The DNA detection levels of both qPCR tests were evaluated using ten-fold dilutions of chromosomal DNA from A. pleuropneumoniae serovar 1 reference strain (ATCC [American Type Culture Collection] 27088) or A. pleuropneumoniae serovar 2 reference strain (ATCC 27089; 1 × 10 7 fg/ µl to 1 fg/µl). The analytical sensitivities of the qPCR tests were also estimated using pure bacterial cultures resuspended in phosphate buffered saline (PBS) and experimentally spiked tonsils, collected from animals originating from a herd known to be free of A. pleuropneumoniae serovars 1-12 on the basis of absence of clinical signs and regular serological monitoring. For the latter experiment, a total of 0.1 g of tonsil materials (usually in the presence of a variety of bacterial species) was reduced to small pieces with a scalpel, added to 1 ml of PBS, vortexed for 3 min, and filtrated through filter paper (type 4). d Serial dilutions (10 9 to 10 3 colony-forming units [CFU]/ml) of a suspension of A. pleuropneumoniae serovar 1 (ATCC 27088 strain) were prepared in tonsillar suspensions and in PBS. DNA preparations were performed from 1 ml of suspensions of each series (PBS and tonsillar suspension) containing 10 8 to 10 3 CFU/ml. 7 The pellets, obtained after 15 min at 12,000 × g, were suspended with 800 µl of lysis solution. The real-time PCR tests were performed with 4 µl of each DNA preparation. These experiments were conducted at least 3 times under the same conditions.
Using the conditions described above for the first qPCR test amplifying ORF17, a fluorescence emission of SYBR Green was measured from all A. pleuropneumoniae serovars 1, 9, and 11 strains, including the respective reference strains as well as field strains ( Table 2) . When performing the second qPCR test targeting a region comprising parts of the cps2AB genes, fluorescence emission was measured from all A. pleuropneumoniae serovar 2 strains, including the reference strain and field strains. Strains of other A. pleuropneumoniae serovars and strains from other bacterial species were all negative in both qPCR assays. The threshold lines were set at fluorescence values of 0.13 and 0.11, respectively. Under the described trial conditions (5 µl of DNA extract per assay), the detection limits of the qPCR tests using DNA from pure bacterial cultures were 10 fg/µl for the product specific to the ORF17 (serovars 1-9-11) and for the product specific to the cps2AB gene (serovar 2). Assuming that the genome size of A. pleuropneumoniae is approximately 2,300 kb, 2 2.3 fg would correspond approximately to 1 genome copy. Therefore, the estimated detection thresholds of the tests were equivalent to 5 organisms/µl (or equivalent to 22 organisms by assay). The qPCR assays presented herein are thus apparently more sensitive than other previously reported one-step conventional PCR tests. 3 However, the tests seem less sensitive than the qPCR test previously described to detect A. pleuropneumoniae, which reported a sensitivity of 5 CFU/reaction. 16 For the ORF17 target, the correlation coefficient (R 2 ) was 0.997. The slope derived from all positive replicates per log-concentration was −3.53 and indicates an amplification efficiency of 92%. For the cps2AB target, the R 2 was 0.998; the slope of −3.48 indicates an efficiency of 94%. The melting temperature of the amplified products obtained from the 2 qPCR tests was 81°C.
Analysis of the qPCR results obtained from samples prepared from experimentally spiked tonsils with A. pleuropneumoniae serovar 1 revealed a detection threshold of 2.9 × 10 5 CFU/0.1 g of tonsil. Although acceptable, 3 the analytical sensitivities were lower than those obtained with pure cultures. In fact, the determined detection threshold when the sample is prepared from a bacterial suspension in PBS was 2.5 × 10 4 CFU/ml. These differences were expected and most probably because of interference caused by PCR inhibitors present in tonsils. There are several options to overcome the effects of inhibitors that are not eliminated during DNA extraction. The choice of DNA polymerase can have a large impact on resistance to inhibition. 17 In addition, adding less DNA template to the amplification can often improve performance greatly. 17 Finally, an internal control could also be added in the PCR to monitor the efficiency of amplification in each reaction, with such internal controls being available from commercial sources. f In conclusion, the 2 qPCR assays described herein are highly specific and sensitive and can be used to serotype field isolates recovered from carrier animals in diagnostic laboratories. In addition, because the analytical sensitivity obtained with these assays using experimentally spiked tonsils offered a good sensitivity, these tests might be eventually used to detect A. pleuropneumoniae serovars 1-9-11 and 2 from carrier animals. A validation in the field using tonsils recovered from animals in subclinically infected as well as noninfected herds should be conducted to validate such a hypothesis. 
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